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ABSTRACT 


Tho  pressure  distributions  oTer  the  canopy  of  two  rigid  parachute 
ffiod &Ib  wore  made  In  a  speed  range  of  free  street  HtJZH  n cohere  frot 
.6  to  1.2.  Internal  and  external  pressure  distributions  W6i-e  conducted 
on  a  guide  surface  and  a  ribbon  model  parachute.  The  results  of  these 
data  will  bo  used  iu  determining  an  accurate  act hod  of  calculating  the 
heat  tranefer  throughout  a  parachute  canopy  during  descent,  ftwteted 
as>e  details  pertain,  og  to  the  test  methods  a.*!  equipment  used  to  obtain 
the  experltssotal  data. 
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The  publication  of  this  report  does  not  constitute  approval  by  the 
Air  Force  of  the  fin dlog a  or  conclusions  contained  herein.  It  is  pub¬ 
lished  only  for  the  exchange  and  stlasilation  of  ideas. 
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SYMBOLS  USED  IN  IRIS  REPORT 


Local  static  pressure 
Free  stream  static  pressure 
Total  pressure  in  the  wind  tunnel 
Xsentropic  stagnation  temperature 
Free  stream  Mach  number 
Reynolds  number 

Total  temperature  in  the  wi nd  tunnel, 
Ratio  of  specific  heats  • 

K 

Coefficient  of  pressure  defined  asj 


P  ~  P 

_  _  *L- 

CP  '  1 

2.  fma  ^trO 


T 


r.  PiTfloajcnow 


Ihis  report  summarixes  measurements  of  pressure  distributions 
over  the  canopy  of  two  rigid  parachute  models.  This  study  was 
originated  under  Contract  No.  AF  33(6l6)-3755»  but  was  discontinued 
through  an  executive  order  on  Sept.  6,  1957.  Because  of  related  studies 
pursued  by  Sandia  Corporation,  Albuquerque,  New  Mexico,  the  evaluation 
and  analysis  of  already  recorded  data  was  requested  and  sponsored  by 
Sandia  Corporation  through  a  purchase  request  issued  on  March  3,  1956* 
Hie  investigation  was  conducted  on  a  guide  surface  and  a  ribbon 
parachute  model  with  201!  gecnstric  porosity.  Both  models  had  a  2,5  inch 
maximum  projected  diameter.  The  test3  were  made  in  a  speed  range  of 
M  e,  •  0.6  to  1.2. 

Presented  in  the  body  of  the  report  are  shadowgraphs,  pressure 
distribution  plots  and  tables  for  both  internal  and  external  pressure 
distributions.  Also  presented  are  summary  plots  showing  the  variance 
of  the  pressure  coefficients  for  the  Mach  number  range  under 
consi do ration. 

The  wind  tunnel  experiments  were  conducted  in  the  12  x  16" 
transonic  wind  tunnel  of  the  Roeemcunt  Aeronautical  Laboratories. 

II.  H53T  EQuImjM  T 

The  parachute  models  were  mounted  at  aero  angle  of  attack  and 
the  test  range  was  from  ■  0.6  tc  ■  1,25*  lhe  Reynolds 
number  range  was  from  6.59  x  10^  to  9.71  x  105  with  maximum  model 
diameter  of  2,5  inches  as  the  character! s tic  dimension. 

Manuscript  released  by  the  author  December  19.56  far  publication  aa  a 
VJJX  Technical  Hots 
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The  models  were  sting  mounted  to  the  balance  system.  The 
mounting  point  of  the  model  to  the  sting  corresponds  to  the  Tent  hole 
of  a  full  sized  parachute.  (See  Figs  1,  2,  3  and  h).  The  ratio  of 
the  sting  diameter  to  the  maximum  diameter  was  0.175,  the  ratio  of  the 
sting  length  to  the  maximum  diameter  was  2.95,  and  for  these 
proportions  the  sting  effects  ware  considered  negligible. 

7. ft rf)  A ncrle  Of*  A  t-t-QCk  was  moaftnroii  th  r®f®r8P.C9  to  tJlfi  tSSt 

section  center  line,  however,  the  data  indicated  an  un symmetry  of 
less  than  0.5  degrees  angle  of  attack.  Since  both  models  are  bodies  of 
revolution  and  no  reason  for  tn  ly  unsyrunetrical  pressure  distribution 
can  be  seen,  the  obtained  dat>  were  averaged  to  symmetry  vi  t.h  respect 
to  the  model  centerlines. 

Throughout  the  wind  tunnel  tests,  diaduwgraph  pictures  were 
obtained  of  each  experiment.  Being  free  from  wall  reflected  waves, 
and  with  sufficiently  low  dew  point  temperature,  the  shadowgraph 
picture  gave  a  satisfactory  indication  of  the  wake  and  the  shock  waves. 

Hie  guide  surface  parachute  model  and  the  rib-  cr>  parachute 
model  gave  a  blockage  effect  of  2.56  percent  and  0,65  percent, 
respectively,  which  is  snail  enourh  to  neglect  any  ’wind  tunnel  cor¬ 
rections  for  interference  effects. 

A  schematic  drawing  (Fig  5)  shows  the  manometer  board  connections 
The  pressure  tap  leads  are  guided  internally  through  the  sting  and 
the  bundle  of  tubing  leaves  the  wind  tunnel  far  enough  downstream  tc 
avoid  adverse  pressure  effects.  The  free  stream  1-lach  number  (M^  ) 
was  obtained  by  use  of  previously  calculated  calibration  charts  for 
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ths  transonic  tunnel  considering  no  interference  effects.  This 
arrangement  was  used  for  both  the  guide  jurface  and  the  ribbon  typa 
parachute  model. 


III.  MOEL  DETAILS 


Three  models  of  each  parachute  were  made.  One  for  shadowgraph 
pic turs a |  cjis  f cr*  iLhis  s!.vu surst'sn t.  of  IntwiTaSl  2nd  c nc  fo 2*  w3is 
measurement  of  external  pressure  distributions.  All  models  were  con¬ 
structed  of  0.037  inch  stainless  steel  and  manufactured  according  to 
Figs  6,  7,  and  8.  It  shcuid  be  noted  that  the  guide  surface  parachute 
models  have  an  overall  diameter  of  2.U69  inc’&ti  ir.stead  of  ?.£  inches. 
This  was  caused  by  the  anving*raient  of  a  defined  radius  at  the  comer 
of  the  intersection  between  the  truncated  cone  ar.d  the  spherical  rcof. 
For  simplicity,  the  model  has  been  referred  to  as  having  a  2.5  inch 
maximum  diameter. 

Attention  is  called  to  damage  of  the  ribbon  parachute  models 
shown  in  Fig  9  and  10,  which  was  c-'used  by  high  frequency  vibration 
of  the  models  when  subjec  ted  to  tisn^  nic  flow.  In  order  to  prevent 
this  type  of  damage,  croaswisely  arrangod  stiffeners  wre  placed  in 
the  inside  of  the  models.  These  stiffeners  were  made  of  two  half 


Cr.  the  basis  of  a  random  distribution  of  the  internal  pressure  taps 
around  the  periphery  of  the  model,  it  was  concluded  that  the 
stiffeners  did  not  noticably  effect  the  pressure  distribution. 

Figs  11  and  12  il.-strate  the  locations  of  pressure  taps,  the 
dimensions  given  in  terms  ot  maximum  diameter. 
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PR2SSUH2  u  ISTHIbUT I  ON 


The  objective  of  this  project  was  the  determination  of  the 
internal  and  external  coefficients  of  pressure  (Cp)  for  the  ribbon  and 
guide  surface  parachutes  for  varying  Mach  numbers  - 
The  coefficient  of  pressure  was  defined  as: 

ca  » -i£- 5* =  A-  -  _2L,  /ik  -  /  )  m 


P«»  is  the  free  stream  static  pressure 
Mae  is  the  free  stream  Mach  number 


fit''’- 

r 


is  the  dynamic  pressure 

is  the  ratio  of  specific  heats  (assumed  =  I.40 

for  temperature  range  of  72°  -  during  tests) 


In  transonic  and  low  supersonic  flow,  one  may  expect  that  Inside 
of  a  hollow,  non -porous  or  mildly  porous  object,  the  local  pressure 
amounts  to  approximately  the  isentropic  stagnation  pressure.  In 
compressible  flew  the  stagnation  pressure  1*  can  be  expressed  in  terms 
of  the  dynulc  pressure  ij  by  moans  of  the  well  known  relationship. 

If  perfect  isentropic  stagnation  pressure  is  achieved  on  the  inside 
of  the  par, chute  models,  then  the  pressure  coefficient  would  amount  to* 

JUL  .  ,  4-  J&+  +  -2i  +  .  .  .  4. 

f  '  #  T  *0  /too  ^ 

*  f  \ 


•  Idepnau.  II.  and  Puckett,  A. 2.  ■Introduction  to  Aerodynamics  of 
a  Cooprepsitle  Fluid",  Galcit  Aeronautical  Series,  p.  76.  John 
Wiley  &  Sons,  Inc . .  Mew  v0rk .  1967. 


VaDC  to  59-32 


-6- 


For  convenient  comparison,  the  pressure  coefficient,  Cp  ,  as 

*AV 

defined  in  Eq.  1,  measured  and  averaged  over  the  entire  inside  of 
the  parachute  models,  and  the  value  of  Eq,  3,  which  is  merely  a  function 
of  Mach  number,  is  indicated  on  each  schematic  presentation  of  the 
pressure  distribution# 


V.  EXPERIMENTAL  RESPLTS 

A,  Ribbon  type  Parachute  Model  with  TWenty  Percent  Gecrnetrlc  Porosity. 
“Pests  were  conducted  at  the  following  Mach  numbers: 


External  Pressure 
H  -  0.610 
M  -  0.812 
M  -0.90!: 

M  <=0.951 
K  -0.996 
M  =  1.C61 
M  -  1.128 
M  -  1.191 


Internal  Pressure 
M  -  0.612 
M  *0.810 
M  *0.905 
M  -0.956 
M  -  1.014 
M  -  1.063 
M  -  1.115 
M  -  1.192 


Since  these  Mach  numbers  vary  only  in  the  third  decimal  place, 
average  Mach  numbers  are  referred  to  for  simplicity.  The  average 
Mach  numbers  are  considered  as  0.61,  0.81,  0.90,  0.95,  1.00,  1,12 
and  1.19. 

Figs  13,  15,  17,  19,  21,  23,  25  and  27  are  the  shadowgraphs  of 
the  flow  patterns  for  the  above  mentioned  Mach  numbers. 
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The  combined  internal  and  exuamal  pressure  coefficients  are 
shown  in  Figs  lh,  16,  18,  20,  22,  2h,  26  and  28.  Vectors  pointing 
towards  the  surface  of  the  model  indicate  positive  Cp  values,  while 
vectors  pointing  away  indicate  negative  Cp  values. 

Fig  29  shows  how  the  pattern  of  the  pressure  distribution  varies 
with  Mach  number  . 


B.  Tuide  Surface  Parachute  Model 

The  pressure  distribution  for  the  guide  surface  parachute  model 
was  n'.sc  determined  hy  eirht  wind  tunnel  tests  for  each  model.  Tho 
tunnel  Mach  numbers  were: 


External 
-  C,61e 

-o/'05 

M  -C.  f“/(' 

V.  ■  0.9.30 
M  -  1.0(7 
X  ■  1  .072 
y.  -  j  .130 


Into  r.nnl 
M  -  0.612 
x  -o.eoi 
K  =0.P99 
M  -0.956 
k  -  i.oi9 
M  -  1.06? 
M  -  1,135 


-  1.231 


M  -  1.230 


Again  for  simplicity  and  comparison,  the  experiments  were 
considered  to  have  been  perferned  at  Mach  numbers  of  0,61,  0.80, 

0.89,  0.914,  1.01,  1.07,  1.13  and  1.23. 

Shadowgraphs  showing  the  flow  patterns  are  presented  as  Figures 
30,  33,  36,  39,  1|2,  li5,  lib  and  51  for  the  above  average  Mach  numbers. 
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For  clarity  of  presentation,  the  external  and  internal  pressure 
distributions  are  shown  on  individual  figures.  As  before  a  vector 
presentation  of  the  pressure  coefficient.*  b»*  been  chosen*  The 
external  pressure  coefficients  are  shown  in  Figs  31*  3b,  37*  bO,  b3, 
b6,  b9  and  52  while  the  internal  pressure  coefficients  are  presented 
in  Figs  3?,  3?,  38,  l|l,  hi*,  1,7,  50  end  53. 

Figs  ?ij  and  55  show  the  external  and  interna]  pressure  coefficients 
lor  the  highest  and  lowest  experimental  Hach  numbers,  1.23b  and  0.615 
respectively. 

VI.  ANALYSIS 

A.  Ribbon  Parachute 

Shadowgraphs  of  the  flow  patterns  are  shown  in  Figs  13,  15,  17, 

19,  21,  25  and  27.  From  inspection  of  the  shadowgraphs  the  following 
obficrva  tlons  nay  be  pointed  out. 

1.  In  subsonic  flow  (Fig  13)  a  well  defined  stream  of  air  passes 
through  the  slots  between  the  individual  rib'  on...  This 
picture  indicates  that  thin  flow  is  subsonic.  Fig  15  shows 
the  same  type  of  flow  passing  through  the  slots.  By 
examining  the  pressure  ratio  across  the  parachute  canopy 
one  finds  that  near  the  parachute  skirt,  the  pressure 
differential  between  the  inside  and  outside  of  the  canopy 
is  sufficient  to  establish  sonic  flow.  However,  the 
shadowgraph  does  not  indicate  a  significant  change  compered 
with  the  preceding  picture. 
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.  Beginning  at  Mach  number  0.8??,  Fig  17,  the  air  stream  between 
the  ribbons  begins  i «  shew  ?  diamond  pattern  which  is 
characteristic  of  jet  flow  with  sonic  speed, 
i.  The  most  prominent  in  dice  ti  one  of  sonic  flow  through  the  slots 
can  be  seen  in  Fig  2?  (Mm  -  1.19b),  Figs  2$  end  27  also 
indicate  the  pressure  of  a  detached  shock  ware  ahead  of  the 
parachute  modal. 

The  Fig  17  and  19  prove  that  supersonic  flow  may  exist  in  the 
Slots,  even  though  the  free  stream  Mach  number  is  still  subsonic, 
which  can  be  understood  in  view  of  the  reduced  pressure  on  the  outside 
cf  the  parachute  canopy  while  almost  full  isentropic  stagnation 
pressure  exists  inside  the  parachute  canopy. 

The  individual  pressure  distribution  plots  for  the  ribbon  type 
parachute.  Figs  lh  and  following,  show  the  variation  of  the  external 
and  Internal  pressure  coefficients  for  each  test  Mach  number.  In 
general,  the  pressure  distribution  diagrams  show  that  with  increasing 
Hach  numbers  the  negative  value  of  the  external  coefficients  of 
pressure  decrease  while  the  internal  coefficients  increase.  The  net 
change  of  pressure  distribution,  however,  represents  a  decrease  in 
the  tendency  ©f  inflation  of  a  flexible  parachute. 

Vhile  the  pattern  of  the  external  pressure  distribution  changes 
conaideivbly  with  M^ch  number^  the  internal  pressure  coefficient  assumes 
In  all  cases  a  value  approximately  equal  to  ratio  of  dF  of 

q 

c<  iprc-Sjible  flow  (see  Rq,  3,  Fcge  4  ). 
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B.  Guide  Surface  Parachute 

Shadowgraph  pictures  of  the  flow  pattern  for  the  guide  surf  ce 
parachute  model  are  diown  in  Figs  JO  and  following.  The  shadowgraphs 
are  good  for  purposes  of  wake  visualization,  whereas,  the  expected 
expension  around  the  parachute  model  comer  ie  invisible. 

The  Individual  pressure  distribution  plots  are  shown  in  Figs  31 
and  following.  Included  in  the  plots  for  external  pressure  distribution 
is  sn  enlarged  seals  plot  of  the  pressure  distri  utien  about-  the  comer, 
in  which  dotted  lines  indicate  an  estimate  of  the  pressure  coefficient 
which  obviously  undergoes  strong  changis  in  this  region. 

The  pressure  distribution  across  the  roof  of  the  puide  surface 
model  dees  not  cnanpe  appreciably,  and  also  remains  nearly  constant 
for  any  particular  free  stream  Mach  number. 

Figs  32. and  following  show  that  the  internal  pressure  distribution 
is  also  nearly  constant  across  the  surface  of  the  parachute  model  and 
that  its  amount  is  nearly  equal  to  the  isentropic  stagnation  pressure. 

Fig  ?li  is  a  summary  plot  showing  the  external  pressure  coefficient 
for  the  extremities  of  the  test  rang;,  M  Co  »  0,615  and  i.23li 
respectively.  This  figure  indicates  a  significant  change  of  the 
external  pressure  with  Mach  number.  In  combine  ticn  with  Fig  55  it  can 
be  seen  that  the  net  force,  which  keeps  the  parachute  inflated, 

.! . ..C.U  ..,1.1.  1< 

uc  na  wii  +  >avn  **u-  *'0-  s  a 

In  Fig  56  there  is  a  continuous  present' ticn  of  the  Ice- 1 
external  pressure  coefficient  plotted  against  the  flattened  surface 
of  the  guide  surface  parachute.  The  tap  locations  correspond  to 
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their  actual  locations  on  the  surface  of  the  parachute* 

Figs  5?  and  5?  present  the  sane  effect  in  a  different  manner, 
and  these  figures  may  be  of  particular  interest  in  studies  of  the 
functional  behavior  of  parachutes  in  transonic  and  supersonic  flow. 
It  appears  to  be  evident  that  with  the  approach  of  the  region  of 
compressibility,  conventional  parachutes  will  display  undesirable 
characteristics. 

The  foregoing  results  have  been  presented  in  a  quantitative 
rather  than  a  qualitative  manner,  which  is  a  consequence  of  the  fact 
that  this  stucty  is  merely  a  part  of  our  overall  effort  to  establish 
the  foundation  of  aerodynamic  retardation  and  this  report  should  be 
considered  as  merely  advanced  information. 
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FIGURE  30.  SHADOWGRAPH  PICTURE  OF  A  GUIDE  tiURFACE  PARACHUTE  MODEL 
At  KACH  NUMBER  0.615. 
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FIGURE  36.  SHADOWGRAPH  PICTURE  OF  A  GUIDE  SURFACE  PARACHUTE  MODEL 
AT  MACH  NUMBER  0.890. 
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